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INTRODUCTION 

Since all framed stfuetures have length, reach, and 
thickness, all frames actually are space structures. The design- 
er is accustomed to study the stress analysis of a truss from 
a viewpoint of forces in a plane, but he must take into 
account the extension of the members into a third dimension 
when he is designing lacing bars, stay plates, and diaphragms. 
Portals, sway frames and lateral trusses are snalyzed seperately 
as planer structures. There are however other structures where 
the entire analysis must be studied in three dimensions. Framed 
pedestals, towers with three or more legs, framed comes, and 
bridges having a common chord are examples of space frames. 
Their analysis requires a knowledge of space statics. The 
necessary computations are not particularly complicated, but 
they are more tedious than those involved in the analysis of 
planer structures. 

Preliminary study and investigation of space frame bridges 
indicated that considereble savings in weight might be effected 
if economical joints could be designed. In spite of these 
possible savinzs, however, the use of space freme briiges in 
the United States has been neglivible. This has been prin- 
cipally due to the relatively low cost of steel, the difficulty 
of fabrication, and the fact that American engineers, long 
accustomed to the design of stenssri planer structures, lack 
practical skill in space frame design and naturally resist 


any chenge. During the recent war when the shortage of steel 


was critical, the Army Engineers turned to the three chord 
Space frame briuge for rapid transportation and assembly in 
war zones. Space frame bridges have been used in Furope 
where the high cost of steel makes any savings in weight of 
much greater advantege. In the fece of the steadily rising 
cost of steel and the increasing competition many American 
engineers are now turning to space frame structures. 

From the first one particular advantage of a deck type 
three chord bridge was apparent. By using the top chords as 
Stringers and designing them for combined stress it would be 
possible to develop 2 bridge with a more compact cross section 
then a plate girder and yet with such rigidity, lacking in the 
hatter, thet the three chord bridge could be completely 
assembled in the fabricetion shop ana shipped intact to the 
Site. This permits not only such repidity of essembly im the 
Shop with considerable labor economy both there and at the 
Site put also the more rapid transportetion and replacement 
ef such a bridge in an emergency. 

Rae "crux of wee design of a threeschord britge is the 
absolute necessity of developing simple, easily fabricated 
joints. Poor joint design can cancel any possible savings Dy 
requiring the use of special sections merely to permit placing 
of sufficient rivets: 

It was decided to design this bridge for the same span (85) 
loading(Cooper's E-72), and specifications (A.Ef Specifications 
for Steel Railroad vpriiges) as the railroad plate girder bridge 


designei in the bridge Analysis ani Design course so that it 


would be possible to compare the two types. 


The initiel step in the design consisted of sele¢ting the 
most advantegeous cross section and the most aivantageous type 
truss for a span of 85 feet. 

In order to realize all of the advanteges of 2 space frame 
bridge mentioned in the introductiog, 1% wes mecessary to Seheet 
the dimensions of the truss to give the most compact cross 
section compatible with specifications, member size, and joint 
G@sign. Both for economy @nd for ease of traneportation it wes 
decided to use the top chords as stringers and to place them as 
close together as possible. The specifications limited this 
to 6.5 feet. Choice of the depth was more involved. The shellower 
the truss the greater the stresses and the more difficult the re- 
Sulting connections; the greater the depth, the more difficult tm 
t(@anmspoertation. After preliminery inwestigation im which 
tentative joints were drawn, stresses computed, and members chosen, 
it wes decided that a depth of ten feet was the best compromise 
possible. At this depth stresses were reasonable, joint design 
possible, and transportetion practical. 

After consideration of the types of space frame trusses 
eévaileble for en 85 foot spen, the following seemed to warrant 
consideration: 

(1) Five Penel Howe 
(2) Five Panel Pratt 
(3) Six Panel Prett 
(4) Five Panel Werren 

The selection of the truss to be used couli best be méde 

by @ compsrison of the influence lines of the members for eech 


type. The method of solution is a varietion of the tension 


SEPTCHES OF SIDE SLEVATIONS OF TRUSSES INVESTIGATED 


Five Panel Warren 


Lan 3,4 5,6 7,8 9,10 a ae 


' 14 deb 16 LG 


Five Panel Howe 
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is 14 5) 16 


Five Panel Pratt 
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Six Fanel Pratt 
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INFLUENCE LINES 


5 FANEL-WARREN TYPE TRUSS Load at 3-4 


Stress 
Member Length L/k. “hit 


1-3,2-4 
3-5,4-6 
5-7,6-8 
7-9,8-10 
9-11,10-12 
13-14 
14-15 
15-16 
16-17 
1-13, 2-13 
5-13,4-13 
3-14,4-14 


5-14,6-14 
B-i5,.6-15 
(285, 8-15 
7-16 ,8-16 


9-16,10-16 
$17 , 10-17 
11-17,12-17 
1-2 

3-4 
5-6,7-8,9-10 


11-12 


INFLUENCE LINES 


5 PANEL WARREN TYPE TRUSS Lead @t 5=6 


a ite 
Member Length L/h 
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INFLUENCE LINES 


5 PANEL WARREN TYPE TRUSS 


Chords 
e al 3 5 ij 9 hh 
rs 4 ee ee 
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6-8 
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INFLUENCE LINES 
5S PANEL WARREN TYPE TRUSS 
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INFLUENCE LINES 


5 PANEL HOWE TYPE TRUSS Load at 3-4 
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Member Length L/h ht 
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INFLUENCE LINES 


5 PANEL HOWE TYPE TRUSS Load at 5-6 


Stress 
Member Length L/e it 
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INFLUENCE LINES 


5 PANEL HOWE TYPE TRUSS 


Chords 
1 D) 5 mi 2 11 
1-3,2-4 
3-5,4-6 
0.68 
o7 
6-8 
1 @2 
dy. O2 
13-14 
0.68 
14-15 
Diaegonals 
0.541 
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INFLUENCE LINES 
5 PANEL HOWE TYPE TRUSS 


Diagoneals (continued) 
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INFLUENCE LINES 


5 PAWEL PRATT TYPE Tasso Load at 3-4 


stress 
Member Length L/h ht 
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INFLUENCE LINES 


5 PANE FRATY CTYPE ePRvuss Load at 5-6 


| stress 
Member Length L/a he 
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INFLUENCE LINES 
5 PANEL PRATT TYPE TRUSS 


Chords 
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5-7 
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INFLUSNCE LINES 
5 PANEL PRATT TYPE TRUSS 


Diegonals (continued) 


0.405 
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INFLUENCE LINES 


6 PANEL PRATY TYPE TRUSS Load at 3-4 


Stress 
hember Length L/a et 


1-3,2-4 
3-5,4-6 
5-7,6-8 


15-16 
16-17 
1-15,2-15 
3-16, 4-16 
5-17,6-17 
3-15,4-15 
5-16,6-16 
7-17,8-17 
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INFLUENCE LINES 


6 PANEL PRAGT TYPE TRUSS Load at 5-6 


Stress 
Meuwber Length L/h ht 


b=3,'2 
3-5,4-6 
5-7,6-8 
15-16 
16-17 
BAN5y2-15 
3-16, 4-16 


5-17,6-17 
5-15,4-15 
5-16,6-16 
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INFLUENCE LINES 


6 Penel Pratt Type Truse Load at 7-8 


stress 
Member Length L/h hit 
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(17, 8-17 
1-2 
3-4 
5-6 
7-8 


20 


INFLUENCE LINES 


6 PANEL PRATT TERE Wiss 


Chords 
ii 5 5 7 9 ied. 13 
_? 
2-4 
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4-6 
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@.755 
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4-16 
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Diegonels (continue) 
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0.441 


SS — 
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SUMMARY OF INFLUENCE LINE DATA 


Maximum Maximum faximum 
Bottom Top Diagonel 
Chord Chord Stress 
Stress Stress Comment 


6 Penel Design of a reason- 
Fratt able joint at point 
17 impossible. 


5 Panel ‘ Joint 14 end 15 and 

Pratt the intersection of 
diagonals in the 
center panel make 
such @ bridge e€conom- 
ically impossible. 


5 Panel : Joints 13 and 16 and 

Howe an intersection of 
Giagonals similar to 
the 5 Panel Pratt 
makes this bridge 
equally impracticable. 


5 Panel Joints offer much 

Warren less difficulty thus 
making this design 
possitle and econom- 
ical if good joint 
details cén be 
developed. 
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A study of the preceding tabular condensation of the 
influence lines and results of investigetion of the joint prob- 
lem for each bridge showed that although the Warren has the 
highest stresses of the four it is the only bridge in which 
Satisfactory joints can be developed. Experimentation showed 
that only by the use of eccentric joints could any of the Howe 
or Fratt types be used. 

The apparently larger stress in the Warren truss are de- 
eeiving. Although its bottom chord stress is about twice the a 
average of the other three, its top chord stress is about 18 
per cent less, and as the length of the two top chords is 
2% times that of the single bottom chord, the final analysis 
shows the Warren onlt slightly larger in stresses than the 
others. By a summation of stress times length for all members 


of each bridge, the following relative factors were obtained: 


5 Panel Warren Bridge 1.000 
5 Panel Howe Bridge 0.857 
6 Panel Pratt Eridge 0.828 
5 Panel Pratt Bridge Om tt 


The econo.wical if not structural impossibility of develop- 
ing joints for the Howe and Pratt bridges, however, made the 
Warren bridge the only possible type to use. The fect that its 
apparent lack of economy is only slight has been stressea only 
to indicate that if the Howe or Pratt briiges were used, the 
inevitably excessive fabricetion costs would make the latter much 
more expensive. 


Following ere the computetions for the stresses in all members; 


’ inet ——— «s -— ete * 


as 


WARREN TYPE SFACE FrésE RAILWAY BRIDGE 


CALCULATIONS FOR LIVE LOAD STRESSES: E-72 LOADING 


Members 1-3 and 2-4 


OmmO © 


wil 


Position I: Wheel "2" at point 3 


Position II: Wheel "3" at point 3 


Loss = 45(5)(0.02) = 4.5 
Gain = 503(5) (0.0005) = 7.58 


Position III: Wheel "4" at point 3 


@ ® @) 


Mess * %5(S)(O.e2) = 7-5 
Gain ~ 273(5)(0.005) = 6.82 


Therefore use Fosition II 


LIVE LOAD STR®SSES 


Nember 1-3 and 2-4 


Influence 
Line 
Weight Ordinate 


re) 
O 


2 oO. 

E ®. 
4, ®. 9.4 
5 Oz m7 
6 oe 4.8 
i O.. 4.3 
8 ©. by, 
9 oF 5.2 
10 o8 1.9 
ine OF es) 
iz Og 1...8 
15 OF 140 
14 O. On 3 
Sum = 550..2 


Stress = 2(60.2)(1.2) = (=)144.5K. 
Equivelent Uniform Load = 8340 lbs./ft. of track 


Stress = 0.5(0.34)(85)(8.34)(1.2) = (-)144.5 K. 


* = rely 
Steinzan's E60 Chart-Transactions ASCE Vol.LAXXVI 
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LIVE LOAL SPRESSES 


Members 3-5 ana 4-6 


Position I: Wheel "12" reversed at 5 


@ 02, S 


Position II: Wheel "14" reversed at 5 


© & Y 


Bom5(02055)(5) + 19.6(0-501)(5) = ieee 


Gain 
Bese = 21.5(0.615) (5) = 16.0 


| 


Position III: Wheel "14" reversed at 5 


® OO & (6) 


Gein © 59(@1055)(5) + 69(0.01)(5) = 10.3 
LOss = 213(0.015)(5) = 16.0 


Therefore use Position II 


LEAVE BOA ST RE SB SES 
Members 3-5 and 4-6 
Influence 


Line 
Ordinate 


9 
, 
8 
-5 
6 
9 
iw 
= 
4 
2 


Stress = (-)2(142.0)(1.2) = (-)341 K. 

Uniform Lead = 8030 lbs./ft. of traek 

stress = 1.2 [(-)0.-5(17) (8.03) (0.595) ~ 0.5(51) (0.765) (8.03) 
- 0.5(0.595 + 0.765) (8.03)(27)] = (-)347 K. 
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LIVE LOAD STRESSES 


Members 5-7 and 6-8 


Position I: Wheel "13" reversed at 5 
Position II: Wheel "14" reversed at 5 


am 28) © (6) 


Gaim = WOG(O2925)K5) — 158g 
96 (0025) (5) — link 


Loss 


Position III: Wheel "15" reversed at 5 


maids 0) 5) () 


78(0.025)(9) + 0.5(9)* (0.025)(3) = 20.6 


Gein 


153( 02025) (9) = 34.5 


Loss 


Therefore use Position II 


ag 


LIVE LOAD cTRESSBES 


Members 5-7 and 6-8 


Influence 
Line 
Ordinete Stress 
F 0) 


* fi Unit. Lead 


O oO + @& - Oo HnnAn NWN HA NH N WW _ 


Stress = 2(170.0)(1.2) = (-)408 K. 

Uniform Equivelent Load = 8000 lbs./ft. of treck 

stress =|1.2[(-)(0.5)(2) (34) (0.85) (8.0) : (0.85) (17)(8.0)| 
= (-)416 K. 


ire, @ae 


LIVE LOAW STRESSES 


Member 135-14 


Position 1: Wheel "2" et point 3 


Position II: Wheel "3" et 3 


5( 0.01995) (503) = 36.2 
5(0.0799)(45) = 18.0 


i\ 


Gein 


i 


Loss 


Position III: Wheel "4" at 3 


5( @201995) (273) — 27 
5(@, 0799) (75) = FO.0 


Gain 


ll 


Loss 


Therefore use Position II 
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“a VE-LOAD STRESSES 
Member 13-14 
Influence 


Line 
Weight Ordinate 


[3 
rer F Oo 


\O oy; Ga wi FF WW nN 
re 


ee 
Mm oF 


a 
NN 


On 
O. 
©. 
O. 
1@ 0. 
OQ. 
OF 
0. 
One 


a 
i= 


Sum 


Stress = 2(240.2)(1.2) = 576 K. 
Equivalent Uniform Load = 8.33 K./’ft. of track 


Stress = 4(1.359)(85)(8.35)(1.2) = 576 K. 


Stress 


= 240. 
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LIVE LOAD STRESSES 


Member 14-15 


iL 2 5 ij S) 11 


Position I: Wheel "12" reversed at voint 5 
Position II: Wheel "13" reversed at point 5 


Gain = 138(5)(0.06) 


183(5) (0.04) 
Wheel "14" reversed at point 5 


Il 


41.3 
36.6 


iH 
I 


Loss 


Fosition III: 
m4 ag) ® 
= 2520 


78(5)(0.06) + 0.5(4) (0.06)(3) = 


Gain 
uB3('5) (0.64) — 36.6 


Loss 


Therefore use Position II 


Bo 


LIVE WOLD SPRFSSRs 
Member 14-15 
Influence 


Lise 
Weight Ordinate 


Stress = 2(346.4)(1.2) = 831 XK. 
Equivelent ‘niform Load = 8.04 K./ft. of track 


Stress * $(2.04)(85)(8.04)(1.2) = 835 K. 


Stress 


O 


~O 
a 
6 
5 
<i 
tae 
3 
2 
si 
4 
-5 
5 
Wy 
4 
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LIVE LOAD STRESSES 


Members 1-13 anda 2-13 


0.541 


i d S i 9 del. 


Peomition I: Wheel "2" at point 3 


Q) @ @) 


Peektion Il: Wheel "3" at point 3 


G) @& @) 


5(0.000796) (303) = 9.9 
5(0.0319)(45) = 5.9 


Gain 


Loss 


Position III: Wheel "4" at point 3 


@) @) 


5(@:00796) (273) = 9:@ 
FORO219) (75) = Gad 


it 


cain 


Loss 


Therefore use Position II 


We 


LIVE LOAD STRESSES 
Members 1-135 and 2-13 
Influence 


Dine 
Weight Ordinete 


i 
2 
B) 
4 
> 
6 
¢ 
8 
g 


PF FP fF BR 
fr WwW wD F Oo 


Stress = 2(96.4)(1.2) = 241 K. 
Equivelent Uniform Load = 8.35 K./ft. of track 


Stress=s(85)(0.541)(8.4535)(1.2) = 230 K. 


Stress 


XO 


EF © ec nO LR SH 0 


(i © 


ei eae aS © 
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Heute «ac. Wild 
- WV ited 37raee 
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LIVE LOAD STRESSES 


Members 3-143 and 4-13 


i. 


Place wheel "3" at point 3 (Same as loading for 1-13 and 2-13) 


Stress = (-)231 K. (Same magnitude as 1-13 and 2-135; opposite sign) 


LIVE LOAD STRESSES 


Member 3-14 and 4-14 


OVL551 


Position I: Wheel "2" at point 5 


Position II: Wheel "3" at point 5 


555) (0700795) 


_ 


Gain: = 
5(45) (0.0315) = 


Loss = 
Wheel "4" at point 5 


Position Ili: 


Gain = 183(5)(0.00795) = 6.02 


Lose = 75(5)(0.0325) = 11.8 


Therefore use Position II 


LIVE thbOAD STRESSES 
Members 3-14 and 4-14 
Influence 


Line 
Wheel Ordinate 


ae 


@ 
D) 
4 
3) 
6 
La 
8 
9 


=) 
O 


Stress = 2(56.1)(1.2) * 134.6 K. 


Stress 


Equivalent Uniform Load = 8820 lbs./ft. of track 


Stress = 4(0.405)(63.9)(8.82)(1.2) = 137 K. 
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LIVE LOAD STRESSES 


Members 5-14 and 6 -14 
CH ilsis 15 


Place wheel "3" at point 5 (Same as loading for 


3-14 and 4-14; opposite sign) 
Stress = (-)134.6 K. 
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LIVE LOAD STRESSES 


Members 5-15 and 6-15 


For Tension 


Position I: Wheel "1" at point 7 


Position II: Wheel"2" at point 7 


Se — cer 


8(0.00795)(159) = 10.1 


fl 


Gain 


" 


Loss 8( © ,O518) (15) =. 3.8 


Position III: Wheel "3" at point 7 


5(0.00795) (148.5) = 5.9 
5(0.0318)(45) = 7.15 


" 


Gain 


"1 


Loss 


Therefore use Fosition II 


For Compression 


Place wheel "2" reversed at 5 (Same as above) 
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LIVE LOAD STRESSES 


Memoers 5-15 and 6-15 


Influence 
Line 
Ordinate otress 


Stress = 2(27.8)(1.2) = (%)66.7 K. 
Equivalent Uniform Load = 9880 lbs./ft. of track 


Stwesa = 0.5(5.270) (42.5) (9088) (IN 2) S GEIGS Be. 
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DIVE LOAD SRRESSES 


Member l-2 


Ee 
te 
ke 


Position I: Wheel "2" at point 3 


Position II: Wheel "3" at point 3 


Gain = 45(5)(0.00765) = 1.72 
Loss = 303(5)(0.001911) = 2.89 
Fosition III: Wheel "4" at point 3 


@ ® Q4) 


ll 


Gain 27355) (0. COL91L) = 2762 
75(5)(0.00765) = 2.87 


Therefore use Position II 


i 


Loss 
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LIVE LOAD STRESSES 


wMember 1-2 


Influence 
Line 
Wheel Weight Ordinete otress 
1 15 : Onis 


Se Ors Ga*wa Ff WS WD 
nv =e Foe Ww a wo ~ 


10 -@ 
11 8) 
L2 oui 
13 4 
14 n: 

Sum = 22.9 


Sires = 12(22.9)(.2) & (=j)8500 Bs 
Equivalent Uniform Load = 8330 lbs./ft. of track 
Btrese = 0:5(85)(0.18)(8.55)(Ls2) = (-)55.35 Hs 


ai 


LIVE LOAD STRESSES 


Members 3-4 and 5-6 The influence line shown 18s that 


for 3-4. The influence line for 5-6 


has the same shape and loading but 


extends between points 3 and 6. 


Position I: Wheel "2" at point 3 


Position II: Wheel "3" at point 3 


5(0.00958)(90) = 4.31 
5(0.00958)(45) = 2.15 


Gain 


Loss 


Position III: Wheel "4" at point 3 


a ty ~ 


3.44 


hh 
It 


5(0.00958)(60) + 3(.00958)(19.5) 
5(0.00958)(60) + 4(0.00958)(15) = 3.46 


Gain 


Nl 
| 


Loss 


Therefore use Position II 


LiVE, LOAD ®6TRESSES 


Member 3-4 and 5-6 


Influence 
Line 
Ordinate 


Sum = 14. 


Stress = 2(14.3)(1.2) = 34.3 Kk. 
Equivalent Uniform Load = 1052 lbs. /ft. of track 
Stress @ 0. 5( 54)"(O~. 1626) ( bO.52) (1.2) = eee 
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REVERSAL OF STRESS 


fember 3-14 and 4-14 


Influence 
Line 
Wheel j Ordinate Stress 


C0 SEL, 

( - )O..2352 
0.0953 
0.0556 
0.0159 


Sum =(-)7.4 


Stress = 2(7.4)(1.2) = (-)17.75 K. 

Dead load stress = (+)20.3 K. 

Therefore reversal cannot occur. 
Member 5-14 and 6-14 

Reversel cannot occur (Same as ebove; opposite sign) 
Member 5-15 and 6-15 


Reversal occurs (See Live Load Stress computations) 
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LIVE LOAD ST 


DZAO .LOA® STRESSES 

Assume Top Chord = 675 Gigs Y/ afe : 
Bottém, Ghordes 35000" . 
Diagonals = 9g ™ . 


Totelee LT00- “ " 


Treck = 260. “ 
Ties = jog ‘ 
Guerd Reil =60 @ ; 


Total =560 " ° 


Total Assumed Deed Loed = 1.76 K./ ft. 


1-3, 2-4 ~[(0.34)(85) (1.76) 
3-5,4-6 ~[B( 0.595) (17) (1.76) + 2(0.765) (52) 
(1.76) + 2(1.76)(17)(2.36) 

5-7, 6-8 -[3(2) (0.85) (34) (1.76) + 17(0.85) (1.76) 
13-14 3(1.359)(85) (1.76) 

14-15 4(2.04)(85) (1.76) 

1-13,e-13 BC Ol5ET) 4 65) (le (6) 

3-13,4-14 = #( Ow 54a) 25) (1°76) 


3=14,4-14 {|- £(0.1351)(21.14)(1.76) + 4(0.405) 
(63.9) (1.76) 

5-14,6-14 $(0.1351)(21.14)(1.76) - $(0.405) 
9)(1.76) 


5-15,6-15 
Le=2 $(0.13)(85)(1.76) 
524 PCO yuk 26 (BF). , 7) 


5-6 B(O. 1686) ( 58)( lL. 76) 
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LATERAL STRESSES 
WIND 
Assumed windage area = 40% Of vertical projection 
Windage area = 0.40(10)(76.5) = 306 sq.ft. 
Area per foot = 306/85 = 3.6 sq.ft./ ft. 
LOADED BRIDGE: 


Assumed wind force = 3.6(30) LOB lise. / Ete 


Wind on train 720 ¥ 
Wind on loeded bridge = 408 " e 
UNLOADED BRIDGE: 
Wind force = 50 lbs./ ft. 
Wind load = 3.6(40) = 180 lbs./ ft. 
Miaimum dioad -— 200 + 150 = BSO ise. / Tt. 
Therefore Design Wind Load = 408 lbs./ ft. 
PAREL CONCENTRATION = 17(0.408 K./ Pt.) — 6.9% K. 


HOSTING = 20 K. 


MEMBERS 1-2,1-3,1-4, and 3-4 
Rk = OF8(20) + =(0-9)2 742.5) = 16 + 13.8 = 29.8 K. 
Member 1-4 = oe ae = 845.4 K. 
Member 3-4 = (-)29.8 K. 
Member 1-3 = 29.8(17)/6.5 = (-)78 xX. 
Member 1-2 = 29.8/2 =(-)14.9 K. 


LATERAL STRESSES 
MEFBERS 3-6 AND 5-6 


R = 6.9(17)2(3) + 3(20)/5 = 8.3 +12 
85 


Member 3-6 = 20.3(18.2)/6.5 56.8 K. 
fember 5-6 = (-)26.9 K. 


MEMSER 5-8 AND 7-8 


R = 6.9(17)1.5(2) + 2(20)/5 
5 


12 BBL 2) /605 


iol +i 


\t 


34.0 K. 


ll 


Member 5-8 


(=)i26.¢9 K. 


Ml 


Member 7-8 


MEMBER 3-5 


COm> Tx 


at is 


Re= 4(6.9)42.5 .+-13(20)/5 =~ 15.8 + 12 = 25.8 K. 
5 


Member 3-5 = 25.8(34) - 17(6.9) = (-)117 K. 
6.5 


MEMBER 5-7 


mR 13525,¢ 8 = 2h io ak, 


Member 5-7= 21.8(51) - 6.9(34) - 6.9(17) = 
6 


(=)2.27 = 
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LONGITUDINAL STRESSES 
Members 1-3 and 2-4 
Breking: 0.15(348) = 52.1 XK. 
Traction: 0.25(240) = 60.0 K. (use) 
Moment = 1.2(60)(9) = 648 ft. K. 
R = 648/85 = 7.62 K. 
Stress = 7.62(0:2)(17)= (-)6.5 K. (vertical) 
Stress = es - =(-)72.0 K. (horizontal) 
Total stress =-(-)7.5%. 
Members 3-5 and 4-6 
Braking: 0.15(321) = 48,1 K. (use) 
Traction: 0.25(150) = 45 K. 
Moment = 1.2(48.1)(9) = 518 ft.K. 
R = 518/85 = 6.1 K. 
Stress = 6.1(0.45)(17) = (-) 15.6 K. (vertical) 
0.30)(10) 
Stress = 172( 498.1) = (-)57%6 B&. (horizontal ) 
Total stress = (-)73.2 K. 
Members 5-7 and 6-8 
Breking: 0.15(291) = 43.5 K. (use) 
Traction: 0.25(120) = 30 K. 
Moment = 1.2(43.6)(9) = A471 ft.K. 
R= 471/85 = 5.54 K. 
Stress = 5.54(0. L7)e? (=)23.6 Ke (PEP CLeeL) 


O.2 tao 
Stress = 1.2(43.6) 


i\ 


(-)52.2 K. (horizontal) 


MI 


Totel stress (-}75.8 K. 


LONGITUDINAL STRESSES (continu 


Member 13-14 


Braking = 0.15(348) = 52.2 


Traction = 0%25(240) = 60 
Voment = 1.2(60)9 = 


R = 648/85 = 7.62 K. 


Stress = ethan i 
Ome ( Yep) 
Nember 14-15 
Braking = 0.15(321) = 48. 
Trection = 0.25(150) = 37 
Moment = 1.2(48.1)9 


R = 518/85 = 6.10 K. 


Stress = 6.10(0.8)17 
© ae 10 


Member 1-13 and 2-13 
Moment = 648 ft. xX. 
R=? 262 ie. 
Stress = 7.62(13.51) 
Members 5-143 and 4-13 


Stress = (-)10.3 K. 


Members 3-14 and 4-14 
Breaking = 0.15(258) = 38. 
Teeetion 2 O,25(4150) * 37 
voment = 1.2(9)38.7 
R = 418/85 = 4.92 K. 


Stress = 4.92(15.51) 


ed) 


= 2699 XK. 
i: 
5 K. 
= Sis Gi. Gee 
= 41 kK. 


(Same as 1-3 and 2-4) 


/i10 = 10. oie. 


Same magnitude; opposite sign 


as 1=13 @ad 2-13) 
7 & 
“5 


= 413 ft. K. 


/i0 = 6,45 Ma 
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LONGITUDINAL STRESSES (continued) 
Member 5-14 anc 6-14 
Stress = (-)6.65 K. (Same magnitude as 3-14; 
opposite sign) 
bembers 5-15 and 6-15 
Brelciig yy 0..25(174) = 26.1 K. 
Traction: 0.25(120) = 30 K. (use) 
Moment = 1.2(30)9 = 324 ft. K. 
R 232/05 = 5.08 x. 
Stmess = 3.82(13%51)/10 = (25s CK. 
Member 1-2 


R = 7.62 K. (Same es 1-3 and 2-4) 


eorese = 7 s62(0.15)6.5 = (-ae5 &. 
0.5) (16 
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a 


1-13, 2=13 
3-13, 4-13 
514, 4-14 


5-14, 6-14 


- 


5=6 
13-14 
14-15 
1-3, 2-4 
3-5,4-6 
57, 6-3 
1-4,2~3 
$=6,4=5 


5=8, 6-7 


Impact 
Stress 


Lateral 
Load 
ptress 


(-)117 


2569 
41.0 
(<)78.5 


O} (=)75.2 


Dead Load 
Live Load 
& Impact 
420.5 
(-) 420.5 
241.6 
(~) 241.6 
(+)109.7 
(-)100.1 
61.3 
61.3 
1048 .0 
1519.0 
(+)265.1 
(=)624.5 


(-)747.1 


Suzamation | 4/5 of 


of all 
Stresses 


430.8 
(+)430.8 
248.02 
(~)248.2 
(+)114.9 
(-)117.5 
61.2 
61.2 


1074.0 


all 
Stressos 


Design 
Stress 


420.5 
(=)420.5 
241.6 


(~)241.6 


(+)164.2 


(=)100.1 
61.5 
61.3 

1048.0 
1519.0 

(-)336.0 

(=) 652.0 

(+)751.0 
66.7 
45.4 


2722 


Connection 
Design 
Stress 
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DESIGN OF TOP CHORD 
BEAM ACTION 


Maxinum Sibrimager Reaction 


Dead Load 
Track w = 200/2 = 100 lbs./ft. 
R = 8.5(100) = 850 lbse 
T how w= 8(10)5(60)12 = 142.7 lbs./ft. 
144(14) 
R= 242,7(8,5) © 1212 lbs. 


Guard Rail ¥ = 8(C)CO/mee = 20.7 Ting. /Ttx 
R = Wo, 7(o/5) = 221 les. 

Assumed Stringer ow = 300 lbs./ft. 
R = 300(8.5) = 2550 lbs. 

Total Dead Loed Reaction 
Ri@e#el) = 4839 less = 4.64 £. 


Live Loed 


25 Le | 900 + 2(120) 
Bey 


R 60.5 E. 


Mt 


Impact 
Direct Vertical and Rolling 


% = 1400 = 0.6 L * 89.8 
% = 2(10)5/6.5 = 15.4 
Total Impact = 105.2% 


R( Impact) = 1.052(80.5) = B4.5 XK. 
TOTAL NMAXIMU’ STRINGER REACTION = 84.5 + 4.84 + 80.5 = 169.8 K. 


a 


DESIGN OF TOP CHORD 
BEAM ACTION >  @Lwi e 


Maximum Stringer Moment 
Live Loed 
R = 450 + 90(3.5) = 45 XK. 
al 
Moment at Center Line = 1.2/45(8.5) - 150] = 5950 i... 


Deed Loed 


Track M = wi? . 100(17)' 12 = 43.3 in. K. 
“o 8(1000) 
Ties B= e717) 2 6.7 jan. 1K. 
8( 1000) 

Guay «= Wf =. 26.7(17)- (12 
Reils 8(1000) 
Stringer . 300(17)* (12 SB3I090 ine €. 
Weight 8( 1000) 


H] 
I 


tao i. OK. 


Total Dead Load Moment =(246/6 iam, Fe 
Impact 
M = 1.052( 3350) = 9530.0 ime ge: 


Total Maximum Stringer Moment =e, ia. K. 


MOMENT OF INERTIA OF RIVET HOLES IN CHORDS 


um 3 725 SiG 


Flange 
6 4(1.125) 17.5) @@e2@ | 1372.0 


Rotel L of Riwets = 4(255.6) + 401578) = 6534 in: 


MOMENT OF INERTIA OF MEMBFR 3-5 AND 4-6 AT SPLICE 


Mae i = 2(10#70) - 6554 = 14406 inn 


MOrENT OF INERTIA OF MEMBER AT SECTION OF MAXIMUM STRESS 


Met 1 = 2(10470) - 2(1378) = 16184 iam. 


DESIGN OF TOP CHORD 
Mexbaun stress occurs in 5=7, member being desig@gea gor 
combined axial and flexural stresses. 
M(max.) = 7127 in. K. 
Maximum axial stress = (-)751.0 K. 
TRY 2-36 WF 170 SECTIONS 
Flexure 
1/b = 17(12)/12 = 17 
(Qld) = 46.56 Kei. 


fleet.) = 3(7127)a8 =5.51 Baw, 
ABIES 


Axiéel Load 
l/r = 17(12)/2.45 = 83.3 
$(ll) 215524 HbA 


(-)751 = 7.52 Ksi. 
2( 49.9 


TOC f( seu.) ="5.31 + 7.52 2 22,05 Rse. Satisfactory 


fect. ) 


After a study of possible savings in steel ageinst greater 
Simplicity of joints and splices, we decided to use the same 
Section for all of the members in the top chord. 


CHECK IN MEMBERS 1-3 and 2-4 


Flexure 
f(eall.) = 16.56 Kei. M = 7127 in. K. 
f(act.) = 7127(18)/18184 = (-)7.07 Kei. 
Axial Load f(all.) = (-)13.24 Kai. 
f(act.) = 336/2(49.98) = (-)3.37 Kai. 


Combined Stresses 
f(ect:) = (-) (7.07 * 3.37) © (=)1O0e8 Rede 


P(@hls) — (-)k5e2& Kei. 
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DESIGN OF TOF CHORD 
TOP CHORD SPLICE 


Web Splice 


Moment of Inertia of One Row of Rivets in the Web 


Lees aes © Dera 


I of one row = 2(223.8) = 447.6 


I of one row in both WF sections = 2(447.6) 


It 


895.2 


Axiel Stress 
Net area of one web = 11/16(34) - 10(0.688) = 16.47 
Total net area = 2(49.98 - 6.88 - 9.00) = 68.20 


Axial stress in web = (= )052(2) 10.07 =(-)515 m2 
20 


Bending Stress 


I of web = 2(2251.8) = 4503.6 


f(all.) = 18 Kei. o> Ty 
M = 18(4503.6) = 4770 in. K. 
17 


Shear Stress 


Velue of web = 11/16(34)(11) = 257 K. 


DESIGN OF TOP CHORD 
TOP CHORD SPLICE 
Web Splice (continued) 
Try 6 Rows of Rivets 


Area of one row of rivets = 11/16(7/8)10 = 6.02 


a57 = Tee. 

6.02(6) A 

f(moment)= #770(17) = 15.1 K.7 im. 
erage 


AGatie) = Sil = 6.72%. 7 ee. 
f(total) ars (15.1 eer = Bale aL/ im 
2. 


f(all.) 


f(shear) 


" 


i 


i 

NM 
“] 
a 
i 
. 


Flange Splice 


Axial Stress 


Axial load = (-)652 K. = 326 K./ member 


12(1.125) - 4.5 = 9.0 


\ 


Net area of one flange 
Total net area/ member = 34.10 


Stress in one flange = 9(326) = (-)86.0 K. 
oe. LO 


Bending Stress 


I of section = 2(10470) = 20940 


f(act.) at edge of flange = 3(7127)18 = (-)5.30 Ksi. 
ests 


Bending stress in flange = 5.30(8)1.125 = (-)47.7 K. 
Total Stress 
Axiel stress = (-)86.0 K. 


Bending Stress = (-)47.7 K. 


Total = (=-)258.7 KE; 
Number of Rivets = 133.7 = 16.45 
3.12 


Rows ~ 16.45 -© 4.11 Use five 
mn 
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DESIGN CF EOTTOM CERORD 


Stress = 1519.0 K. 


Try 2-36 WF 182 


Net Area Required = 1519.0/18 
Deduct 12, 7/8 inch rivets = 12(1.188) = 14.25 


Cut 13 inches off each bottom chord 


for backing up rivets * 2.55 
Gross aree required = Lee ae 


Nt 
= 
O 
= 
O 
ee) 


Gross area available 


DESIGN OF BOTTOM CHCRD 
BOTTOM CHORD SPeLGE 


Splice in Member 13-14 


recs = 1046". 


Plange Cplice 


Gross area of one flange = 12(1.187) 7 14.24 


Deduct area of 4, 7/8 inch rivets 4.75 
Effective area of the flange = 9.49 
Strength of effective erea of one flange = 15(9.49) = 171 X. 
Rivets required = 171/8.12 = 21.0 Use 5 rows of rivets. 

Wed Splice 

25.45 

€ 250 
17295 Sa. a. 


Gross area of one web = 0.75(3%.96) 


Deduct 10, 7/8 inch rivets 


Effective area of web 
Strength of effective area of one web = L8Ci7 eS) = Bao Be 
Number of rivets # 419/16.23 = 19.65 


Use 2 rows of ten rivets in eech web splice plate. 


DBSIGN OF BOTTOM CHGRD 
BO®TOM CHORD SPLICE 
Value of Net Section 
Webs: 2(319) = 636 XK. 
684 K. 


Flanges: 4(171) 


Total: a 
Value of Splice Rivets 
Flange rivets: 24(4)8.12 = 780 K. 
Web rivets: 10(4)16.23 = 650 K. 
= 91420 K. 


Teteal 


1522 K. Stress = 


64 


1048 K. Satisfactory 


Satisfactory. 
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DESIGN OF DIAGONALS 


Members 1-13, 2-13 Stress = 420.5 K. 


Try 30 WF 116 


TAS. 5” eee r= 2.12 imehes 

A = 34,13 

t(web) = 9/16 inches 

l/r = 13.51(12)/2.12 = 76.5 

Net area required = 420.5/18 = 23.40 
Deduct 6 web rivets = 6(.563) = 3,38 
Deduct 8 flange rivets = 8(.875) = 7.00 


Gross area required =33.78 Satisfactory 


Members 3-13,4-13 Stress = (-)420.5 K. 


Try 30 WF 108 


Rivets 


r~ 2.06 inches 

l/r = 13.51(12)/ 2.06 =~ 78.8 

f(all.) = 13.44 Ksi. 

Area required = 420.5/13.44 = 31.3 sq. in. 


Area availeble = 31.77 Setisfectory 


for 2-143, 2-13, 3-13, @ud 4-13 Stress = 420.5 Xk. 
Single Shear Rivets 
Minimum = 420.5/8.12 = 51.8 
Use: 44 rivets in web (4 rows of eleven) 
8 rivets in flange 
Double Shear Rivets 


Minisum = 420.5/13.28 = 31.7 Use 33 


, | - 2 ® 


® Goel ~ eae tid = — 


DESIGN OF DIAGONALS 
Members 3-14, 4-14 Stress = 241.6 K. 
Try 21 WF 62 
mee ly, (eeieene|s 
b/r = LS. 52) /0. 7) Sagaee 
Net area required = 241.6/18 =15.41 


De uct 6 rivet holes = 6(0.375)= 2.25 


Gross erea required = 15.66 
Gross area available = 18.23 Satisfactory. 
Members 5-14, 6-14 Stress = (-)241.6 K. 


Try 21 WF 68 

r = 1.74 inches 

Uy te © 35 SL (2) /1le74 = O5.2 

E( sli. 12.79 woe. 

Area required = 241.6/12.79 = 18.90 

Aree available = 20.02 Satisigetory. 

Rivets for 3-14, 4-14, 5-14, and 6-14 

Single Shear Rivets 
Minimum = 241.6/3.12 = 29.8 Use 32 (4 rows of 8) 

Double Sheer Rivets for 5-14 and 6-14 
Minimum = 241.6/10.34 = 23.4 Use 27 

Double Shear Rivets for 3-14 and 4-14 


Minimum ™ 241.6/8.80 = 27.3 Use 33 
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DESIGN OF DIAGONALS 
Members 5-15, 6-15 Stress = (5)164.2 K. 
Tension Design 
Try 18 WF 60 
Net area required = 164.2/18 =9.13 


Deduct 5,7/8 inch rivets = 5(0.438) = 2.19 


Gross area required = lise 
Gross area available = 17.64 
l/r = 13.51(12)/1.63 = 99.5 Satisfactory 


Compression Design 
Try 18 wr 60 
f(all.) = 12.50 Ksi. 
Area required = 164.2/12/50 = 13.14 sq. in. 


Area available = 17.64 Satisfactory 


Rivets for 5-16, 6-15 
Connection design stress = (+)219.4 K. 
Singte Sheer Rivets 
Minimum = 219.4/8.12 = 27.0 Use 28 (4 rows of 7) 
Double Shear Rivets 


Minimum =~ 219.4/10.34 = 21.2 Use 25 


DESIG OF LATFERALS 
Member 1-2 

Stress = (=)100.1 K. 

Try 16 WF 45 
1/m— 695082) /1.52 = 5143 
f(all.) = 14.32 Xsi. 
Area required = 100.1/14.32 = 6.98 sq. in. 
Area available = 135024 sq< im. 


Single Shear Rivets 


l 


Minimum ~ 100.1/8.12 = 12.3 Use 16 


Douole Shear Rivets 


I 


Minimum ™ 100.1/8.86 liw3 Uae 12 
Members 3-4, 5-6 
Stress = 61.3 K. 


Try 16 WF 45 


Net area required = 61.3/18 3.041 
Deduct 4, 7/8 in. rivets in web = 1.50 


Deduct 2, 7/8 in. rivets in flange = 1.13 


Gross area required = 6.0% 
Gross area availeble =—"b5: 25 
l/r ~6.5(22)/ SC =~ ys Satisfactory 


Single Shear Rivets 
Minimum = 61.3/ 8.12 = 7.56 Use 8 
Double Sheer Rivets 


Minimum = 61.3/ 8.86 = 6.94 Use 8 


DESIGN OF LATERAL BRACING 
FIRST PANEL Members 1-4, 2-3 
Strees - 66u7 K. 
Try 8X 6% 7/16 Angles 
r= L.g2 inches 
L/r = 18.22(12)/1) 31 —"TeF 
Effective Area = 7/16(8) + 4(5.563)7/16 - 2(0.438) 
= 3.05 e@. he. 
Required Area = 66.7/ 18 = 3.71 sq. in. Satisfactory 
Rivets 
Stréngth of tember ~ 18( 3.85) ™, 69.81K. 
Minimum number = 69.4/ 8.12 = 8.55 Use 9, 7/8 rivets 
SECOND PANEL Members 3-6, 4-5 
Stress = 45.4 K., 
Try 6*6%* 3/8 Angles 
mw = bls 
l/s 18. 22(12)/ 1.09 Tee 
BPfective Afebe= 35/8(6) * §(Ga8@5)3/6 - 2(0.575) 
=2.55 sq. ime 
Required Area = 45.4/18 = 2.52 Satisfactory 
Rivets 
Strength of member ~ 2.55(18) = 45.9 K. 


inimum number = 45.9/ 8.12 =5.65 Use 6, 7/8 rivets 
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DESIGN OF LATERAL BRACING (continued) 
CENTER PANEL Members 5-8, 6-7 

Deresse ~— 27 aT: 

Try 6*6%* 3/8 Angles 
fom Tole 
l/r = 18.22(12)/ 1.19 = 184 
Effective Area = 2.55 sq. in.(Same as for second panel) 
Required Area = 27.2/ 18 = 1.51 Satisfactory 

Rivets 
Strength of member = 2.55(18) = 45.9 K. 


Minimum rivets = 45.9/ 8.12 = 5.6 Use 6, 7/8 rivets 


(ome Pedikh ome oh hs 9@ ge 


~~ eee ed ree) 


7= 


LACING DESIGN 


a 
Il 


% 
I 


P= f = 0.2808 
A ie 


t(flange Of 36 Wr 170) = 1.125 itm. 
@.280( 1.125) = 6.325 te. 


of 1/r OF Tlemge > 22a = 56.2 
3(2.42 


Maximum distance between rivets in one flange = 


0.325(40) = 13 inches 


Normal Shearing Force 


Use 


r = 2,42 in 1/r =17(12)/ 2.42 = 84.2 


47.09(13<19) 100 + 82.8| =11.82 K. 
100 


Org © LO 100 


V 


Double Lacing,Flat Bars 

t(minimum) = 20/60 = 0.333 in. Use 3/8 inch bars 
l/r = 20/(0.375)0.70 = 130 

f(all«e W="1G.76 Ket 


Area required = _11.82(20) = 0.361 sq. in. 
15.25) Oo. 7 


Width = 0. 361/0. 375 - 0.962 ine. 
Minimum width = 3(7/8) = 2.625 in. 


Use 3/8 by 43 inch bars. 


MAXIMUM END REACTION 
Dead Load 
Ties, raids, fit tings, 
R = $(42.5) (0.560) 
Top Cheond 
Re = "42.5(0.3) 
Bottom chord 
Re 5 OF 3) 
Diagonals 
ps (15951)0.5 


Live Load 
R —(he2(@66 70/35 
Impact 
Rolling Effect 
5/18 2)10 = Sabon 
Direct Werticad Effect 
100 — 0.6(85) = 49 
Total Impact = 54.6% 


Impact Reaction 


Total Meximum Reaction 


and guard rails 


11.9 & 


ee igs) 


= 295m0 Ki 


jp 


@ 1260, Te 


= 418.1 K. 
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STEPFPENER DESIGN AT BND BEARING PEATEs 


Use 6x 4 Angles 8 angles total 
Bearing 
t(req.) = 412.1 = 0.58 dn. 
8(27)5.625) 


Axial Compression 


Area required = 418.1 =2.9 66. im. 
8(18) 


Use 6x 4x 3/8 Angles 
Rivets to Web 


Minimum rivets = 418.1 = 6,44 
4(16.24) 


T distance = 32.25 in. —-Use 1l rivets at 3 in. 


Requdred Aree of End Bearing Plate 
Assume Concrete Foundation 
p(all.) = 600 psi. 


Area required = 418.1 = 697 sq. in. 
0.6 


spacing 


i 
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CHECK OF ACTUAL BRIDGE WEIGHPSAGAINST ASSUMEG WEIGHT 


ACTUAL WEIGHT OF BRIDGE PRR Oot 


Tep- Chord 

L7@iee ) L.7Q 57,800 
Bottom Chord 

G8 ¢2),1.82 24,800 
Horizontels 

6.0(6)45 1,620 
Diagonels 

4(9.5)116 A, 440 

4(9.5)108 4,100 

4(9.5)62 2gpbO 

4(9.5)68 2,590 

4(9.5)60 2, 280 
Braeing 

wiS .2y20.i2 1,470 

6(18.2)14.9 1,620 
Totel Weight of Bridge 103,080 
Weight in Kips/ ft.= 103,800 = 1422 K./ ft. 


85( 1000) 


lbs. 


lbs. 


ibs. 


JaliS xe 
ibs. 
lbs. 
LbSa 


lbs. 


lbs. 
lbs. 


lbs. 


ASSUMED DEAD WEIGHT OF BRIDGE = 1.20 K./ ft. Satisfectory. 
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CONCLUSIONS 

The preceding investigation demonstrates conclusively the 
Similarity between the influence lines of space fremes and 
conventional trusses. After geining familiarity with the sub- 
ject, it is possible, merely by inspection, to determine the 
Shape of the influence line of any member of @ space frame 
bridge. This enables the influence line to be determined by eae 
solution at only one or possibly two points. The emount of work 
necessary for solution is thus reduced by one-helf in the case 
of this five panel bridge. The use of influence lines is just 
as benificial in space frame trusses as in ordinary ones. The 
equivalent uniform loads as proposed by Steinman in Transactions 
A.S.C.E., Vol. LXXXVI for planar trusses have been shown to be 
equally applicable to space frames. By making use of this fact 
considerable time can be seved with no eppreciable loss in 
accuracy. 

The difficulty in obtaining praeticel joints im the FPrett 
and Howe bridges forces the euthors to forego their lesser 
stresses and potentiel weight sevings for the simpler joints 
end somewhat greater stresses of the Warren type. If a satis- 
factory joint deteil ec*n be devised for the Howe or Fratt 
trusses, it is thought that a somewhat lighter bridge might 
be developed. 

The total weight of this Warren type space frame briage 
was computed to be 102,000 pounds. The weight of a plete 
girder bridge of equal span and designed for the same loading 


and specificztions was computed to be 115,000 pounds. The 


resulting saving of 12,000 pounds is epprecieble---emounting 
to 12% of the total weight of the space frame bridge. Undoubt- 
ealy tnis séeving in steel would not pey for the increased fab- 
ricetion costs on the first bridge constructed. The fabricetion 
costs, however, would be materially reduced as speciel tech- 
niques were developed through experience. This trend, coupled 
with the considerable savings in the number of rivets required 
and the decrease in erection costs as no field riveting is re- 
@uired, would, in the opinion of the authers, reduce the cost 
to only slightly greater than that of the plate girder bridge. 
To summarize, it is believed thatmegg@reatervexperience 
im the construction of space frame bridges results in decreased 
febriceation costs, a space frame bridge of this span can com- 
pete favorebly with a plate girder bridge where rapid transport- 


fon and erection ere important. 
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